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LARGE SCALE GAP TEST: INTERPRETATION OF
RESUL1S FOR PROPELLANTS

Prepared ty: DONNA PRICE

Working Group: R, A. Clairment. Jr,
I. Jaffe
D. Price
G. Roberson

Approved by: Evan C. Noonan, Chief -
Physlcal Chemlstry Divielion i

ABSTRACT: This report summarizes recent information and
applies 1t to a more quantitative interpretation of shock
sensitivity (gap) reat values than previously rvailable,

It was found that a GC in this test means that the witness
plate is subjected to a shockwave of 95 kbar pressure or more;
a NO GO for high energy explosives and propellants most
probably occurs because of the physical condition of the test
material, Sensitivity ordering by shock amplitude at the end
of the gap was found to be the same as that obtained from in-
duced pressures in ten materials for which the comparison
could be made, The Appendix compaie3 gap and wedge test
results for explosives; the comparison suggests that both are
part of a continuous curve ahowing the shock initiation
behavior of the material at varying pressure levels,

CHEMISTRY RESEARCH DEPARTMENT
U, S. NAVAL ORDNANCE LABORATORY
White Oak, Silver Spring, Maryland
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The wurk reported here was carried out under Task NOL-323,
Folaris Program on the 3ensitivity of Solid Propellants, By

uge of recently available information the meaning of ine shock

sensitivxty (gap) test values is determined and applied to
probable detonability of the test material. The results are

conslder#d important for hazard classification and have, there-

tore, been transmitted to that work group of the Armed Servicea
Explus:ve Sufaty Board,

W. D. COLEMAN
Captain, USN
Commander
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Shocw 3ensitivity tests carried out in this Laboratory
during tr.e past year have confirmed the solid propeliint
detonab.lity results that were reported previously (1) and
chat are briafly summarized at the end of' this reoort. While
the genzrsl plelure remains unchanged, a large amount of
supplemernrary Llnformation which allows more quantitative
internrzcation of the gap test results has been obtained., It
is the purpoas of this paper to summarize such information and
to apply 1t to various practical situations,

NOL GAP TEST CONFIGURATION

Fig. 1 1llustrates the standard assembly for the NOL gap
test, Its most lmportant features are: a 5.C8 cm length of
pressed tetryl ( Q.= 1.51 g/cc) to supply the shock, Luclte,
or the equivalent cellulose acetate, as the shock attenuator,
a moderately confined acceptor charge of 3,66 cm diameter x
13,67 cm length, and a mild steel witness plate 0,952 cm
thick., The criterion of "detonation" used is ti.e punching
of a hole in the witness plate, The measure of charge sensi-
tivity is the length of attenuacor (gap length) at which there
i3 50% probability of detcnation according tvo the above
eriterion.

CALIBRATION OF THE GAP TBST

Measurement of shock velocity in Lucite under the shock
loading - ovided by two tetryl pellets (Pig. 1) combined with
the equation of state data for Lucite and the general relation-
ships of hydrodynamic theory permit callbration of the gap test
to obtain shock amplitude (pressure) as a function of distance
travelled through the attenuator for the conflguration of Fi
l; Such a calibracion has been made !ES; [ts results can be
most simply presented for Luclite of density oi’ approximately
1.18 g/c~ as followa:

U = 2,588 + 1,514 « (3)

where U 418 the shock velocity and u is the particle velocity
in Lucite; both are expressed ‘n mm/usec, Equation (1) has
been extrapolated for a very short distance, and was used
rather than other posaible relations because its .inear'ty
simplifimed such extiapolation., From Eq. (1) and the hydrody-
namic relationship derived from the conservation of momentum,

P=/Uu (2)

1
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where P 18 pressure (kbar x 10-1) and o, (g/ce) is twa inttial s
density, it is poscible to obtain the non-linear presaure- N
particle velocity curve for Luclte, This curve s geneszlly T
called the Hugoniot adiabat o= trhe equiticn ol Glaie, Ine nure

familiar pressure-compoo3sibility curve

P = P("‘O/,v)
‘ /
can be obtained by combining Eqna. (1) and (2) with

ual-_ﬁi ())
NG

It is much more customary 23 well as more convenient to work
with a 2 - u curve than with a ? - 0 curve because boundary
conditions for reflection and transmission of shockwaves at the
interface between two different materials require that pressure
P an¢ particle velocity u must be equal on cach side of the
boundary. The convenience will be 1llustrated in aa applicae-
tion in a later section,

Eqns. (2) and (3) are applicabls to any material unde-
shock conditions, and Eq. (1) 1s the general aquation tnr
shocked Lucite, The relationship between shock prv.ssure anr.
distance of travel, restricted to Lucite in this experir . . ‘s

P = 105 e-0.0358x x » 20 oa, ¢

where x 18 the thickness of Lucite through which the shoc¢' . 4«
travelled, Eq. (4) 18 an approximation good to about 5% ° : 3
pressure, For more accurate values and for gap thicknet 3
than 20 mm, the tabulation or graph of Reference (. mus: .-
used,

USE OF SHOCK AMPLITUDE TO DEFINE SHNCK

The effects of shocking a material are undoudbtedly sevecd
by the pressure loading of the material 1.e,, to the shape nf
the pressure-time profile of the shockwave, In the absence of
quantitative information about the nature of this profile and
for simplicity of presentation, the discussion below will he
presented as 1f the amplitude alone fully defined the shock.
This 13 equivalent to acsuming that in the systems considered
{a condenszed medium such as Lucite or brass shocked by detonz-
tion of an organic explosaive such as tetryl or Comp B), *he

impulse 18 a uniformly varying function = ilue awplitude,
There is gome 8iight experimertai evidence that this may be .he
case for decaying shock3d. See Appendix,

3
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Study of shockwave pressure-~time profiles and their
effects cn shock sensitivity are now being carried out at NOL
and other laboratories, Results wlll not be availavle for
some time., Meanwhile, the simplification of deacribing the
sascuwave by 1ts maximum pressure has been adopted, but it
will be reexamined as more information becomes available,

MEANING OF A "GO" ACCORDING TO TEST CRITERINN

The criterion for a GO in the gap test of Fig. 1 is
punching a hole through the witness piate, It was fourd that
the tetryl loading attenuated by 100 cellulose acetate cards
(equivalent to a 2.54 cm thicknesa of Lucite! resulted in a
50% probability of punching such a hole. is gap thickness
corresponds to a pressure of 43 kbar at the end of the gap.
To determine the pressure transmitted into the plate, the
lugoniots of iron (3) and of Lucite [Eqna. (1) and (2} are
used. Fig. 2 illustrates the customary method (3). When the
shock reaches the interface, Lucite - 1ron, ita P - u values
are 43 kbar snd 0.91 mm/usec respectively or point (a) of
Fig. 1. At the interface a reflected shock (dashed line) 18
sent back in.o the Lucite; this raises the pressure and parti-
cie velocity to the values at point (b) which are also the
values for the shock transmitted into the iron. The necessary
pressure to punch the hole in the witness plate 1s thus found
to be 95 kbar, Hence a GO, by this criterion, means that the
explosive reaction has heen sufficiently vigorous to develop
a shockwave pressure of 95 kbar or greater strength in the
witness plate, In contrast to the inert Lucite, a reacting
material may load the plate not only by shock but also by
high pressure gas reaction products; this 1s discussed later.

It should be noted that a GO does not necessaril, signify
high order detonation which is the steady-state maximun rate
for the given material in the geometry of Fig. 1. I: has been
found (4) by the wedge technique that cast TN1 { w.= 1.58)
exhibited a constant velocity of 5,23 mm/usec instead of the
expected 6,7 - 6.,8. A similar low veloclity at the 50% point
has been observed by the continuous *ire metiod (5). It
follows that TNT explodes with sufficient violencs to punce
ture the plate without detonating. By applying tie usuai
boundary approximation (2) between cast TNT and i{:on and using
the 1limit of 95 kbars as necesaary for puncture, it is svident
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"Nat the TNT reaction develops at least 58 kbars pressure.*®
Since the separation between the end of the acceptor and the
witness pliate (0,159 cm) waa neglected in this calculation,
wie estimate of S8 kbars 13 a lower limit; the actual

nressure required for plate puncture would be somewhat higher,

On the other hand, it 13 possible for a beederline
mater!sl such as ammonlum perchlorate (AP) to exhidit its
steady-state maximum rate and still not produce a plats punc-~
ture, For example, AP of an average particle size of 25 u and
a .oading densiiy of 1.2 g/cc exnibited a NO GO, It 1s
posaible that 3,06 cm L8 juat below the criticai diameter (7)
l'or thic sample, but for this Lllustration it 18 ussumed that
Tae maximua rate, 4,32 mm/usec (7), was achieved. Again, by
the boundary approximation (not a very good one in this case
since the AP 18 highly comﬁresstble), the unpunctured plate
Indicates that less than 54,2 kbars (again, a lower limit)
pressure was developed in the AP. The computed detonztion .
pressure (7) for this AP 18 54.4 kbar. At lower loading
densities, the situation 18 even more clear-cut,

While various charges of AP tested in the geometry of
¥i¢. 1 d1d not puncture the plate, they did make 1t bulge,
In fact, the hump formed increased in size as the loading
Jensity of the charge decreased; the largest hump or bulge
was of about the same size as that obtalned without a charge
preasent L,e,, with only alr in the acceptor tube, Early in
the development of the gap tesat, formation of a bulge 1in the
witneus plate was used as a criterion of a G0, It was soon
replaced by the present criterion which s a far more satis-
factory one, The behavior of an air acceptor, however, casts
some light on the ilnadequacy of bulge formation as a criterion,

The witness plate Lulge obtained with an air-filled tube
and zero gap 18 caused by che loading produced by th= gaseous
detonation products of tetryl, not by the atr -l _ .k, This is
easy to show by firing with water in the tube instead of air;
in this case the plate is undameged. The shocks produced by

"It 18 of Interest Liatl the rate of 5,23 cm/usec 13 tha*
expected for TNT at a lording density of 1,02 g/ce. The
measured detonhacion pressure at .= 1.00 18 64 kbar (5),
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the detonation of tetryl in air and in water are abous 0.5 kbar
and 16.5 ktar, respectively., With no attenuation, these would
create less than &4, {8*x 0,5),and 38 kbar, respectively, in the
plate. Consequently any shockwave damage would be greater f{rom
the water than from the air. It follows that loading the plate
by tiie detonation products, which are stopped by water or any
other inert ccndensed medium, causes the plate bulge (the same
factor incidantally muat be reaponsible for {1itiztion across
an sir-gap). In the case of very low density, purous acceptors,
Zero gad teats that produce a bulge may do so because of the
acftion of the tetryl products on the plate, because of a decom-
position of the charge to produce high pressure nroducts, or
because of a combination of these two factnrs, The bulge is,
therefore, very difficult to interpret quantitatively,

APPROXIMATION OF PRESSURE IN CHARGE BY PRESSURE IN LUCITE

Determining the shock pressure in the accetor charge from
the shock preasure in the Lucite at the end of the gap is a
problem identical in principle to that solved in Fig, 2. The
significant practical difference is that the P-u curves for
rast or extruded charges lie close to the P-u curve for Lucite,
though still above 1it, It is to be expected, therefore, that
the initiating shock pressure will be somewhat larger than the
pressure at the send of the 50% gap.

A quantitative determination of the initiating pressure
requires either equation of state cata or shock velocity data
of the solid charge material., In general, these data are not
available, and the shock pressure at the end of the Lucite gap
18 used to glve a rating that 1s assumed to be a good approxi-
mation to that which would be given by the true initiating
pressures,

Receatly, equation of state data for unreacted TNT have
been yublished (B)**, These together wiin pressures induced

¥ The maximum rellectlon cci.ficient of 8 is for air with a
heat capacity ratio of 1.4,

*®* In this refervence, there was a discrepancy beuween the
tabulated U-u uata and the analytical expresaion relating
them, For the present work, the tabula-ed d.ta were useq;
they were found to fit the relation

U= 3,645 + 1,313 u
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in different explosives by the same shock loading (9)* permit
a teot of the assumptlon, Fig. 3 snows a cowparison of the
pressure at the end of the Luclte gap with the pressure in
t!.e charge for 81X cast and three pressed high explosives,
Seo Appendia., Theére i3 no reversal in the sensitivity order-
1ug although the initiating pressures are 16-30% higher thsn
the corresponding Lucite pressures, The assumpticn that Lo
latter will give a correct sensitivity ordering for demnse
snarges seems Justified,

MEANING OF "NO GO" ACCORDING TO TEST CRITERION

High energy propellants and explosives would be expected
to detonate under appropriate conditions. Faillure or NO GO
for the teat configuration of Fig. 1 might result from one of
tnree possibilities:

1. The material, in the form tested, is detonable but
its critical diameter for detonation is greater than
3.66 cm in the confinement of Fig. 1.

2. The material, in the form teated, 18 detonable but
it requires stronger boostering than that effected
by the tetryl of the standardized test,

3., The material, in the form teated, is not detonable,
i.e, a critical diameter does not exist for that
physical form,

The critical diameter 18 that dlameter below which deton-
ation cannot be propagated, Obvicusly, this diameter must be
exceeded before a GO cau be obtained, The test diameter of
3.66 em and modcrate confinement, which makes the effective
diameter somewhsr greater than 3.66 cm, 18 a very ge.srous
allowance on th%.s score., Recent measurements oi critical
diameter for nine cast explosives gave values of C.4 - 2.69 cm
(10). Of the four pressed explosives studied, the maximum
criti~al diameter was 1.3 em (11), Zven ammonium perchlorate,
not of 1itself a high energy material, exhibits a critical
diameter of only 1,63 ¢m when particle size and denaity are
sufficiently 1~w (7). Iv is, therefore, very unlikely that
thia factor is responsible for a NO GO,

* Revisinn of Reference (4) data was made by use of recently
measured, more accurate surface velocities (15).

8
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Wniie it 13 ccaceivable that the tetryl would be too
w2ak a vooster for cfome materials, in the several cases that
tevryl was replaced with a more powerful booster the rgsult
wa: stlll a NO GO, This, t2o, is regarded as an uallkely
navas for the charge {ailure, |

3y far the most likely cause of a NO GO for a high
energy propeliant or explosive in this standard test is that
tne physical form of the test material makes shock initiation
very difficult or impossible., ‘the maJjor influsance of rhysical
properties 18 well known, For exauple, preased TNT cng be
Jetonated by an initlating shock of 23 kbar, cast TNT explodes
with an inttiating pressure of 37 kbar, and liquid TNT can
support snocks as strong as 110 kbar without showing cvidence
ot chemical decomposition (12). Pressed nitroguanidine (25%
voids) has & gap test value of 3,56 cm; pressed nitrcguandine
(4.5% voida) cannot be detonated in a 5.08 cm diameter with
1,27 cm thick wall confinement and with a booster of 0%
greater detonation pressure than that of tetryl (13). Finally,

composite propellants (AP/organic binder® or AP/organic binder/

Al} will not detonate in the form produced by the manufacturers
but will exhibit a GO after avout 10% connected voids have
been introduced into the matertal (1). i

On the basis of such information and of the discussion
above, it 13 concluded that a NO GO in the standard test is a
very strong indication that the material 1s not detonable in
the physical form and at the temgerature used for testing,
High probability of non-detonability does not mean that the
detonation of nltroguanidine (4.5% volds) or of composite pro-
pellant (manufacturer's density) is impossible, It does mean
that a higher initliating shock strength than 85 kbar or a
larger effective dlameter than that of Fig. 1 or both w#ill be
required to detonate these materials if they are detoneble at
all,

In addition to the guldance offered by the GO - NO GO
testing described above, additional information useful iin
selecting propellancs for various apnlications ia provided by
Macels's studies of the tranaition from burning to detonation
{14). He found that the burnt gas products must producs a
pressure of such a rapidly increasing rate as to form a shock;
the shock then 1nitiates the unburned material, Initis%ion by
ghock, as in the GO - NO GO tcsting, is a limiting case of
transitioa from burning to detonation, Macek found that &

* Non-exploaive

10
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rapidly accelerating preasure rise to 32 kbar was necessary

to effect transitior. to detonation in his experimental con-
figuration with two velatively shock sensitive high explosives,
It is questionable that the much less sensitive propellants

can burn in such a manner as to produce the very high time rate
of change o pressure of the gas products or the maximum bound-
ary pressure regquired for detornation provided they are examined
in the small diameter and high confinement of Macek's experi-
ment, The burning of large grain propellants is a very
different matter in that there is a large po3ssibllity of a
changes of the phyaical state, e.g., thermal or mechanical frace-
ture to expose new surfaces for reaction. If this shoui~
occur, the shattered propellant may well be detonable (see
results for porous propellant beiow). No large scale test of
detonabllity can give any information about the probability of
such a phyeical change in the propellant during burning; other
teating procedures mus? be devised to obtain that information,

SUMMARY OF PROPELLANT SHOCK SENSITIVITY BEHAVIOR

All of the test results odbtained st NOUL by testing pro-
pellants in the configuration of Fig. 1 can be summarized in
the table below,

SHOCK SENSITIVITIES AT 25°C

Loadi ressurs
Propellant Physical State at oin ar
Composites ASs received, non-porous NO GO
Double-Base As recelved, nonh-porous 80-47
Composite Plus As received, non-porous 69-58
17-18% .E.
Composite Shredded and pressed, il-T7

16-22% connected pores

1l
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CONCLUSIONS .

The chief conclusaions which can be drawn about the NOL
shock sensitivity teat in view of our present information are:

1. A 30 means that a shockwave of 95 kbar or greater was
transmitted to the witness plate; it does not necessarily mean
high order detonation of the test charge.

2. A NO GO for high energy propellants and explozives 1is
probably caused by the physical state (particie size, porosity
and temperature) of the test material.

3. Sensitivity rating by shock amplitude gt the end of
the gap gives the same ordering as that by shock amplitude in
the _harge for the ten explosives for which Hugoniot data are
avallable,
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AFPENDIX
COMPARISON OF WEDGE TESTS RESULTS WITH GAP TEST VALUES

The shock initiation of heterogeneous high explosiver was
studied by means of the wedge techniq.e several years ago (4).
Tiie bnoster used {in that work waa a combination of a plane wave
booster followed by cyclotol 60/40 giving an effective booster
tnickness of abcout one inch; the attenuation vas -y three thick-
nesses of brass plate, Subsequent to the original work, it was
found that the charge geometry used did not produce a uniform
particle velocity. As a consequence, the experimsntally observe
ed particle velocities were in error. New measurements chowed
the original surface velocities observed to be aome 208 higher
than the correct values (15). Consequently the shock nressures
originally reported are too high,

By use of the corrected surface velocities {15),
J, P, Wehner obtained revised pressure data. He used LASL
equation of state data for brass (3). (The brass used at LASL
and Navy brass differ somewhat,) From the Hugoniot and the
measured surface velocity of brass as a function of brass thick-
ness, the pressure at the end of the attenuator can be found,
Then the intersection of the brass P-u curve, reflected at the
pressure at the end of the brass gap, with the line from the
origin of slope ( fku)explootve (4) 1s the pressure of the shock

entering the explosive.

Jacobs (4) examined the variation of delay time T as a
function of induced shock pressure; the delay time 1s deflined as

T = ﬁttme to steady detonation) -
time 1f steady ve.ocity existed
throughout ).
T e Ty - x4 (1)
T

where 1A, » gime to steady detonation

Xg length ~ rua to steady detonation

D

The dc-lay time has the nature cf an inductio= time, but
1ts determination as the difference of two quantities of the
same order of magnitude subjects it to an intrirsically large

velocity of steady detonation
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experimental error, For this reason, the data for the six
casl explosives were also examired for the variation in total
time to steady state and length of the run to steady stzte as
a function of the shock presaure., Because of the form of the
P ve “curve: of Ref, (4), curves of the reciprocals of 1,7 ,,
and X4 V8 P were examlned, fhe neceaeafy data are given in
Table %-i. In each case (T =% vs P, T5”* va P, and X,'l vs P),
the three points are approximately linear and, in each case
tuat high order detonation was achleved, the sensitivity order-
ing for these particular charges ia the same. For increasing
sensitivity, tEla order 1a cast TNT*, cyclotol 75/25, Comp B,
pentolite, octol 65/35, &«nd cyclotol 60/40,

The relation between length of run and shock pressure
was used 1n examining additional data both because X, might
be measured more easily than T and because the gap test data
might provide & fourth point on the curve. In order +J use
gap test data, 1t is necessary to know not only the shock
pressure at the end of the Lucite gap but also the induced
snock pressure in the high explosive, The latter data were
obtained, as explained in the text, by usiug the Hugoniot for
Lucite and that for "fused" TNT (85 to get the pressure that
would be tranamitted through each gap into cast TINT. This
value was then multiplied by a correction factor obtained by
plottiug the ratios Pexpl,/PTNT from table A-1 and Ref. (&)
as a function of Pyym; ghe correction factor varies with the
strength ol the shotk. Table A-2 gives the values of the
initiating shock pressures for a number of materials each at
1ts 50% point., Almost any leugth of run value at the 50%
point, minimal initiation, will be large compared to the Xg
values of Table A-l, The choice ranges from a radius into the
charge (18 mm,) a run for which no attenuaticn by lateral rare-
faction would be expected, to the 46-60 mm, measured by the
continuous wire method in confined pentolite (5). As will be
gseen in the figures, the exact value is not critical; 50 mm,
was used for the plots.

Figure A-l shows the data for the cast explosives which
achieved high order detonation, It seems that the shocik
sensitivity test values are related to the wedge test mzasure-
ments in that they give the shock pressure required for
initiation after a relatively very long run of the shock
through the charge. Some of the curve crossing of Figure A-l

* TNT did not achieve high orger detonation and was not in this
position in ordering by T-=1 vs P.

14
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may be due to poor data, to poor selection of curves to fit
sparse data, or to the fact that different charges, prepared
at different times, were used for tlie two teste, There is,
nowever, no 9bvious reason why the curves should not cross
i.e., why two exploaive materials should not indicate
different relative sensitivity at different levels of shock
strength. Crossing amight alaso ve caused by a duration
effect which has been completely omitted in the present
treatment,

The mo3t dublous cholce of curve i3 that ror Comp B; 1t
was made both because of the location of the tcrminal point
and to obtain conformity with the trends shown by the closely
related materials, pentolite and cyciotuli 75/25.

The spread of the curves of Fig. A-1l indicates that
these data are fantastically sensitive to phyrical factors
which vary with charge preparation., The chemical change of
1% wax 1s certainly not responsible for the large difference
between cyclotol 60/40 and Comp B. Nor ia there any chemical
reason for cyclotol 75/25 to be leas senaitive than Comp B
and cyclotol 60/40 or for octol 65/35 to be less sensitive
than cyclotol 60/40 - quite the reverse. 1t seems likely that
an attempt to duplicate results without betier control of
charge preparation would fatil.

Comparable initiation data for presaed charges have bheen
ccllected from several sources ir Table A-3, Most of the
corresponding curves are shown in Fig., A-2 as well as the
curve for cast TNT which did not achieve high order detona-
tion. The latter 1s shown here rachier than in Pig. A-l
because it 18 thought to be most comparable to DATB. Ref,
(16) compared DATB to cast Com: B, but the curve of the
latter [Fig. A-1) does not indicate as much resemblance to
DATB as does the TNT curve,

For both DATB and DATB/BRL 2741 (DATB/phenoclic resin,
95/5) the point at about 83 kbars has been omitted, In the
former case this 18 because .he drop-off after the overshoot
(16) was so gradual that Xs was uncertain; in the latter, a
fallure occurred. DATB/EPON 1001 (DATB/epoxy resin, 35/9),
howeve~. did detonate at this level, and it woculd not be
expected to Jiffer much from the DATB/BRL., Mo.eover, a 505
point for initiaticn at 46 kbar was obtained for the DATB/%RL.
For these reasons, the curve has been drawn between the two
terminal points,

15
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The data for pressed Comp B indicate the large scatter
for a pressed seniitive charge; this 1s further 1llustrated
by the LASL data for cyclotol 65/35 (17) shown in Fig, A-3.
The large difference in sensitivity between this cyclotol and
pressed Comp B (cyclotol 60/40 plus 1% wax) may be due to the
niguer density of the former (1.71 as compared to 1,54), the
diirlerence in the shock loadings used, or to both of these
factors, There 18 no termiaal (50% point) datum for this
matarial; 4t 18 of interest that a straight line fo. the five
points extrapolates to a 5C£ value in the range covered by
pressed and cast Comp B,

The curves of Figa. A-1] t0o A-3 have been diszplayed to X
f{llustrate three pointas: (1) the probability that the S0%
point gives the limiting pressure for initiation; (2) the
large effect of physical properties of the charge on such
sensitivity curves and (3) the relative sensitivity of these
particular charges. Much more data ars needed to estsblish
the true nature of the curves e.g., whether they are linear.
Not surprisingly, the curves drawn canuot be extrapolated to
higher pressures. For an Xz equal to the reaction zone length
of cast and pressed INT and of cast and prreased cyclotol 63/37
(18), thz shock pressure indicated by the linear curves is
nmuch greatsar than a reasonable value of the von Neumann spike
preasure for thede materials, It is of some 1interest that
many of the sets of data alao indicate linearity on a log Xg
va 1sg P plot, and that in several cases these extrapolate
to reasonable values at Xg = reaction zone length, The log-
log plot was not used in the qualitative discussion becsuse it
crowds together the three high pressure points and is too
sensitive to the exact location of the terminal (50% point)
values,

It 18 hoped that future investigations will define the
rcle of the impulse in initlation and its relation to the
shock amplitude in various boostering systems. Additioual
work also needs to oe done on determining whether the acceptor
dlameter (Fig. 1) is sufficlently large to give the minimum
initiating pressure for an infinite diameter charge., -

16
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